SUMMARY Imprints prepared from fresh surgical specimens give excellent cytological clarity. Used intraoperatively, the imprint method can provide valuable information when frozen-section interpretation is equivocal. However, cytologically well-differentiated tumours and tumours with a dense fibrous stroma, constituting 6"0 of the cases in the present series, cannot be diagnosed by this method. To increase diagnostic accuracy we recommend the combined use of imprints and frozen sections. The imprint technique requires little additional work and does not delay the frozensection procedure.
The use of frozen sections for intraoperative tissue diagnosis is a well-accepted procedure (Ackerman and Ramirez, 1959; Nakazawa et al., 1968; Shivas and Fraser, 1971; Holaday and Assor, 1974) . Another method is the examination of imprints of fresh specimens. This technique was favourably reported by Dudgeon and Patrick (1927) and Bamforth and Osborn (1958) , but not until recently has it achieved the recognition it deserves in the English literature (Pickren and Burke, 1963; Tribe, 1965; Godwin, 1968; Silverberg, 1975; Suen et al., 1976; Godwin, 1976) . Despite its simplicity, speed, and excellent cellular detail, we believe many centres are still not utilising the technique to its fullest extent. The lack of quantitative analysis of large series of imprint materials in the literature prompts us to report our experience with this method, especially with regard to the merits and pitfalls in the diagnosis of malignant tumours. We will emphasise those situations in which the technique has been found to be most useful.
Method and materials
A direct imprint is prepared by pressing a glass slide gently on to the freshly cut surface of the specimen, avoiding a gliding movement, which will distort the shape of the cells. The imprint slide is immediately fixed in 95 % ethyl alcohol for 5-6 seconds and then stained (rapid haematoxylin and eosin). The entire procedure is completed during the freezing period of Received for publication 5 October 1977 the tissue preparation; thus there is no delay in the completion of the frozen section. Depending on one's preference, a rapid polychrome dye, such as toluidine blue, can also be used on heat-fixed slides. This would further shorten the preparation time, but the differential colour of the preparation is not as good as that of a slide stained with haematoxylin and eosin.
During the 17-month period from November 1974 to March 1976, 1306 surgical specimens (excluding neurosurgical specimens) were submitted intraoperatively for rapid tissue diagnosis. Imprints and frozen sections were prepared simultaneously from 1258 of the 1306 specimens. On average two imprints per case were prepared and examined before the examination of the frozen sections. Frozensection technique was the method of choice in the remaining 48 cases, including the 38 specimens submitted for evaluation of resection margins and 10 specimens from patients suspected of Hirschsprung's disease, in which ganglion cells had to be searched for carefully.
Results Table 1 shows the imprint results of the 1258 cases tabulated according to organ site. The accuracy of the imprint method was assessed by comparing the imprint diagnosis with the corresponding paraffinsection diagnosis. The overall accuracy rate for this method was 93-8 %, with a false-negative rate of 6 0 and a false-positive rate of 024 %. (1) 1 (2) 4 (27) 3 (9) 1 (6) 7 (58) 1 (4) 1 (17) 5 (16) 2 (14) 3 (100) 2 (6) 1 (14) 2 ( negative cases are listed in Table 2 . There were no false negatives in imprints of the pancreas, gall bladder, salivary gland, parathyroid gland, urinary tract, testis, or bone. The false-negative rate was within an acceptable range (3-5-6%) in imprints of the liver, uterus, breast, gastrointestinal tract, lymph node, and lung. The false-negative rate was high (9-1-52%) in imprints of the prostate, ovary, soft tissue, thyroid, and skin. But the latter group comprised only 200 cases, that is, 16%. The three false positives found among the 1258 cases occurred in thyroid, prostate, and lymph node.
In the course of this study, the imprint technique was found to be particularly valuable in the following situations:
IN THE DIAGNOSIS OF CERTAIN NEOPLASTIC LESIONS WHICH CAN SIMULATE INFLAMMATORY LESIONS ON FROZEN SECTION
Many references in the literature (Nakazawa et al., 1968; Ackerman and Rosai, 1974; Holaday and Assor, 1974) attest to the difficulties in the frozensection diagnosis of pancreatic carcinoma. It poses a diagnostic problem when the growth pattern of a well-differentiated adenocarcinoma simulates that of benign, but distorted, ducts seen in chronic fibrosing pancreatitis. In our experience, imprint examination is often able to clear up a questionable frozen-section diagnosis. All of the six cases of pancreatic carcinoma encountered in this study (Table 1) showed unequivocal malignant cells on the imprints (Fig. 1) .
Diagnosis of metastatic carcinoma in lymph node by frozen section presents no problem in the vast majority of cases. However, signet-ring cell carcinoma in lymph node can be mistaken for reactive sinus histiocytosis on frozen section (Fig.  2a) . All three such cases in our study showed carcinoma cells on the imprints (Fig. 2b) (Ackerman and Ramirez, 1959) . Our experience shows that imprints are invaluable in view of the excellent cytological clarity (Fig. 3) .
Intense sinus histiocytosis in lymph node can simulate metastatic carcinoma. Holaday and Assor (1974) reported a false-positive case because of misinterpretation of this histological picture on frozen section. Again, such errors can be avoided since the benign appearance of the histiocytes is better appreciated on imprints than on frozen sections.
IN THE DIAGNOSIS OF MALIGNANCY CONFINED TO ONE SMALL AREA OF A LARGE SPECIMEN
The amount of tissue that can be frozen for rapid intraoperative diagnosis is limited. On the other hand, the imprint technique can easily cover a larger (Fig. 4) showed scattered clusters of viable malignant cells in a necrotic background.
An apical axillary lymph node from a 43-year-old woman with a carcinoma of the left breast was submitted for frozen-section examination. The imprints available before frozen sections revealed malignant cells, few but prominent among the small lymphocytes and easily noted by the pathologist (Fig. 5a) ; whereas frozen sections showed only a single, minute focus of metastatic carcinoma in the subcapsular sinus (Fig. 5b) . This small focus of malignancy could have been missed had the pathologist not been alerted by its presence on the imprints.
IN THE DIAGNOSIS OF MALIGNANCY WHEN THE SUBMITTED SPECIMEN IS LIMITED IN QUANTITY
Small fragments of tissue, which may prove to be difficult for frozen-section interpretation, are often large enough to provide sufficient cells for imprint interpretation. Figure 6 shows an imprint prepared from a small fragment of lung tissue submitted for intraoperative diagnosis. Frozen section revealed small, uniform, dark cells growing predominantly .X 1 of Imprints are also helpful in the diagnosis of metastatic round-cell tumours in lymph nodes, such as oat-cell carcinoma, neuroblastoma, Wilm's tumour, and rhabdomyosarcoma. Because of the resemblance of the neoplastic cells to lymphocytes, a metastatic focus from such tumours may be overlooked on frozen-section examination. This aspect ofthe application of the imprint technique has been fully discussed by Silverberg (1975) . In the present series, a total of 64 specimens was submitted during parathyroid exploration, including 47 para- :qwqb qw group.bmj.com on August 15, 2017 -Published by http://jcp.bmj.com/ Downloaded from thyroid glands, nine lymph nodes, five thyroid fragments, and three adipose tissue fragments. All of these specimens were correctly identified by the imprint technique (Table 1) . In one case, frozensection interpretation was uncertain as to whether the specimen was a lymph node or a parathyroid gland. But imprint examination identified the specimen correctly as lymph node. Figure 8 is an imprint of a parathyroid gland, which shows single, dispersed cells as well as small clusters of cells with acinus formation. The nuclei are darkly stained, round or oval, slightly larger than a lymphocyte, bordered by pale staining eosinophilic cytoplasm. The imprint has a relatively clean background. Figure 9 is an imprint of a thyroid gland showing cells morphologically similar to those of the parathyroid but which tend to arrange in larger sheets and exhibit more nuclear variability. A distinctive feature is the presence of a large amount of amorphous eosinophilic colloid globules on the background. Figure 10 is an imprint of a lymph node which is characteristically much more cellular, with easily identifiable lymphocytes and histiocytes.
Discussion
The low percentage (0-24 %) of false-positive diagnoses in this study suggests that a diagnosis of malignancy by the imprint method is reliable. In instances when a lesion is grossly malignant, for example, most cases of mammary carcinoma and many cases of metastatic carcinoma in lymph node, especially when the primary cancer site is known, it is necessary only to confirm the pathologist's gross impression. Imprints made from such cases, if clearly positive, would be sufficient for the purpose of intraoperative diagnosis. On the other hand, our 6% false-negative rate indicates that a negative imprint does not necessarily exclude malignancy. Imprints should always be interpreted in the light of gross findings; a negative diagnosis should be disregarded if the gross appearance of the lesion suggests malignancy.
False-negative reports are generally due to one of the following two reasons: (a) Interpretative errors: These occur in cytologically well-differentiated tumours, including the tubular and lobular types of breast carcinoma, well-differentiated follicular thyroid carcinoma, low-grade sarcoma, and borderline malignant cystadenoma of the ovary. The morphological changes of the neoplastic cells in these tumours are often subtle. A conservative attitude is warranted in order to avoid over diagnosis. (b) Insufficient cells: There is a dense fibrous stroma in some tumours, such as the linitis plastica type of gastric carcinoma, markedly scirrhous carcinoma of the breast, Krukenberg tumour, Brenner tumour, granulosa-theca cell tumour, some fibrous soft-tissue tumours, and some skin tumours. In these cases the number of neoplastic cells transferred to the slide is insufficient to enable the observer to make a correct diagnosis.
Our overall accuracy rate of 93-6 % for the imprint method compares favourably with those of other authors. Sakai and Lauslahti (1969) , in analysing a series of 400 cases from 35 organs, reported an accuracy of 95 5% for the imprint method and an almost identical rate of 95-7 % for the frozen-section method. Unfortunately, the accuracy rate for frozen sections in the present series cannot be evaluated since all of the sections were examined with the prior knowledge of the imprint findings. In our 1258 cases the combined use of frozen sections and imprints gave an overall diagnostic accuracy of 98-3 %, with 1-7 % false negatives and no false positives. Pickren and Burke (1963) did not give a statistical analysis of their 1819 cases but noted that there were occasions when the tumour cells were present on the imprint but absent on the section. In such instances, additional sections almost always showed the focus of cancer. Mavec (1967) examined the imprints prepared from 100 tumours of various organs and found the diagnosis to be correct in 93 cases. Godwin (1976) found the technique applicable to all types of lesions from all organs. There were no false-positive reports in his 20 years' experience.
A few references deal with the use of imprints in a particular organ. Tribe (1965) reported two false positives (0 65 %) and 16 false negatives (5-1 5%) in 311 breast tumours. Pilar and Rubenstone (1968) gave an account of the cytological morphology of the cells in benign and malignant breast lesions but did not comment on the accuracy of the method. Moore and Reagan (1953) , Lucas (1955) , and Ultmann et al. (1958) published detailed observations of lymph node imprints in various benign and malignant lesions. Math6 et al. (1975) , in a study of imprints from 141 lymph nodes, reported that cytology did not add more information to histology in 39 cases (27 %); it modified or helped histological classification in 67 cases (48 %); and it helped to confirm that the suspected diagnosis of reticulosarcoma was in fact metastatic carcinoma in 18 cases (13 %). In a review of frozen-section diagnosis, Holaday and Assor (1974) reported that false negatives had occurred in five cases of lymph node containing metastatic carcinoma because of inadequate sampling. We recommend the routine use of imprints in conjunction with frozen sections for the following reasons: (1) it helps in the diagnosis and classification of malignant lymphoma, (2) it helps in the diagnosis of metastatic round-cell tumours, which may simulate lymphoma, and (3) it reduces sampling errors. Silverberg (1975) , using the imprint technique, was able to distinguish with 100% accuracy parathyroid from thyroid and lymph node specimens. Our findings are similar to those of Silverberg. The technique is particularly useful when multiple specimens are submitted within a short period of time. If on imprint examination parathyroid can be ruled out, the specimen no longer needs to be weighed or frozen, thus saving a considerable amount of time.
In conclusion, imprint cytology and frozen section complement each other in ensuring accuracy in rapid tissue diagnosis. In certain situations the imprint method is superior to the frozen section method, but in 6 % of our cases a correct diagnosis can be accomplished only by frozen-section examination. Pathologists using both techniques will be providing their surgical colleagues with a better service. Expertise in imprint interpretation accrues from correlating tissue and imprint cytopathology in one's routine daily work. A reference file of imprint slides with corresponding tissue sections should be maintained in the laboratory for teaching purposes. We concur with Bamforth's opinion that cytology should not be confined in a special department of its own but should be practised in the general laboratory (Bamforth and Osborn, 1958) .
